Section of Anaesthetics
President-Professor R. R. MACINTOSH, M.A., D.M., F.R.C.S.Ed., F.F.A. R.C.S., D.A. [January 1, 1954] TIE PRESENT POSITION OF SPINAL AND EXTRADURAL ANALGESIA [Abridged] Dr. T. C. Thorne, Anwsthetist, General Hospitals, Rochford and Southend-on-Sea: Spinal Analgesia "TTHE statistical fact that spinal analgesia is three times as lethal as the condemned chloroform anesthesia of fifty years ago is one to make the thoughtful ponder the deadliness of the technique so nonchalantly exercised" (Editorial, Anesthesiology, 1950) . This statement is characteristic of attacks on spinal analgesia in that it is prejudiced and based on out-of-date figures. The statistics (Corlette, 1946) are highly selected, larger, favourable series being ignored, and in 1950 were at least eighteen years old.
It is probably true that the most certain way to have a death on the table is for someone inexperienced in the method to give a spinal to an unsuitable patient. This has happened many times in the past and as a result the method has been stigmatized as dangerous; it is dangerous when used in that fashion. Wayne Babcock, who had an enormous experience of spinal analgesia, stated that after a death from spinal anaesthesia the anaesthetist may often properly write his own name in the space reserved on the certificate for the cause of death.
In discussing the sequele of spinal analgesia it is convenient to consider first those associated with the lumbar puncture and second those which may be associated with the introduction of the analgesic agent.
COMPLICATIONS OF LuMBAR PUNCTURE
The complications of lumbar puncture fall into three groups (Dripps and Vandam, 1951) : Group 1.-Complications associated with disturbance of the dynamics of the cerebrospinal fluid (C.S.F.). This disturbance is due to the prolonged leakage of C.S.F. from the subarachnoid to the extradural space (Franksson and Gordh, 1946) . It is generally accepted that the most common type of post lumbar-puncture headache, i.e. the headache aggravated by the erect posture, falls into this group (Editorial, Lancet, 1953) . The use of fine needles coupled with adequate hydration of the patient can reduce the incidence of this type of headache to less than 3% (Southworth and Hingson, 1953) . In the rare intractable headaches the extradural injection of saline has been shown to be a worth-while procedure (Rice and Dabbs, 1950) . Bryce-Smith and Macintosh (1951) have given support to the theory that the VI nerve palsy which can follow lumbar puncture and spinal analgesia also falls into this group. The reported incidence following spinal analgesia varies widely, from once in 202 cases (Fairclough, 1945) and once in 400 cases (Thorsen, 1947) , to twice in 1,581 cases (Kennedy and Lockhart, 1952) . Measures taken to reduce the incidence of headache should also prove effective with this complication of which over 90% clear up in eight weeks or less; occasionally recovery is delayed for several months and, very rarely, paralysis is permanent.
Group 11.-Complications associated with traumatic and inexpert lumbar puncture. According to Dripps and Vandam (1951) paralysis and weakness of muscles, usually in the legs, has followed lumbar puncture. Bromley et al. (1949) reviewed 44 cases of injury to the intervertebral disc following lumbar puncture; however, the great majority were in children. Provided lumbar puncture is performed in the lower lumbar region with a suitable needle and with reasonable care the spinal cord and the constituent nerve roots of the cauda equina should escape damage (Macintosh,1951) . The introduction of blood or epithelial cells into the C.S.F. may produce a meningeal reaction which is an occasional cause of headache. Group II1.-Complications associated with infection, either localized or diffuse, due to septic technique or the introduction of the needle through infected skin. Garrod (1946) stated that there is good evidence for believing that many cases of "aseptic" meningitis following spinal armsthesia are in the great majority of cases there is an early onset of symptoms of sufficient severity to suggest to the most casual observer that something has gone wrong.
The causation.-Because cases have been reported in which there was no evidence of infection and because in bacteriologically confirmed cases of purulent meningitis there was no evidence of cauda equina lesion, it is unlikely that infection following spinal analgesia can be the cause of these lesions. It has already been seen that trauma is also an extremely unlikely cause.
It is known that the intrathecal introduction of any foreign substance produces an aseptic meningeal reaction characterized principally by pleocytosis and increased protein content. Therefore the causation of the lesion following spinal analgesia very likely lies with the injection of the spinal analgesic agent or some other substance accidentally introduced.
As far as post-spinal cauda equina lesions are concerned, Dinsdale (1947) stated that all the recorded evidence of the causation incriminated the use of concentrated solutions (such as procaine 10% and Stovaine 10%) which are kept in contact with the sacral roots for a long period. This evidence included the experiments of Macdonald (1937) who showed that in cats the intrathecal inection of increasing concentrations of procaine were associated with an increasing incidence of permanent cauda equina lesions. However, he found that to obtain these symptoms he had to use doses of procaine of about five times the usual clinical dose calculated on equivalents in terms of body-weight. Eversole (1949) stated that there is increasing evidence that post-operative neurological changes may bear a direct relationship to the concentration of the anasthetic drug in the subarachnoid space and that we may expect a lower incidence of these complications when lower concentrations of these drugs are used. It is clear, however, from case reports that lesions of the spinal cord can follow the use of all the commonly used concentrations of the various drugs including 1/1,500 Nupercaine (Hewer, 1933) and that though excessive concentrations are very likely, as one would expect, to prove harmful this is not the cause in all cases. Some other factor must be involved.
It is the belief of most neurologists (e.g. Kennedy et al., 1950; Critchley, 1953 ) that these complications are almost certainly due to the direct action of the various analgesic drugs used though there is disagreement over the specific mode of action. The commonly expressed argument is that the neurological complications of spinal analgesia occur in those regions of the central nervous system situated most closely to the site of injection of the anasthetic agent. This is true enough. But it does not explain why only a small proportion of cases following spinal analgesia show evidence of damage or the occurrence of damage in patients who have previously, in some cases years before, had spinal analgesia, often with the same agent, on one, or even two occasions without damage (Martel, 1952;  Medicine and the Law, Lancet, 1953) . Nor does it explain why a technique and drug which is successfully used in hundreds of cases is followed by a small group of cases of damage all occurring within a short period of each other.
It is suggested that contamination of ampoules of the analgesic agent with irritant sterilizing solutions, a hitherto minimized cause of the damage, offers a satisfactory answer to the problems raised (Sise, 1931; Nicholson and Eversole, 1946; . Macintosh (1951) strongly recommends autoclaving not only to reduce the risk of infection but also to abolish the risk of contamination.
After a recent hearing (Medicine and the Law, Lancet, 1953) Mr. Justice McNair decided that two cases of severe paralysis following spinal analgesia with Nupercaine must have been due to the injection of phenol in which the ampoules had been stored. As the injections were made six years ago he decided that the defendant anesthetist could not be held to be negligent. It is clear, however, from his remarks that in any future case if it is found that ampoules have become contaminated in this fashion the judgment might easily be very different.
It is believed that the contaminating agent either alone or occasionally in conjunction with the known irritant action of the more concentrated solutions o'f analgesic drugs may be responsible for the majority of cases of paralysis. If this is so, then the practice of autoclaving ampoules should reduce the incidence of paralysis to negligible proportions.
It is widely believed that the onset of symptoms in latent disease of the central nervous system may be precipitated by spinal analgesia and that quiescent or active pre-existing disease may be worsened.
It is therefore'wise not to use spinal analgesia in patients with known or suspected disease of the central nervous system.
Methods.-In addition to single dose spinal analgesia, technicaly more difficult and complex continuous methods are available which allow a greater control of duration and height of analgesia and dosage of drugs. Southworth and Hingson (1953) state that wherever spinal analgesia is indicated the continuous segmental method of Saklad is the method of choice. Dripps (1950) on the other hand, considers that continuous methods should be used less frequently because of the impression that there is an increased incidence of headache, diplopia and other neurological sequel2e. In any event it is clear (Dawkins, 1953) that segmental extradural block possesses all the advantages without the disadvantages of segmental subarachnoid block and should be used in preference.
Indications.-Because of unexpected deaths due to improper application of the method and because of occasional serious neurological damage due largely to imperfect technique spinal analgesia has never been widely popular. It was used by many as an imperfect substitute for deep general an;esthesia for the production of relaxation. When the competent use of the relaxants plus light general anasthesia is available the production of relaxation can no longer be the sole criterion for the use of spinal analgesia because of the occurrence, rare though it may be, of neurological damage.
However, spinal analgesia possesses other advantages which should prevent it from being regarded as a relic from the dark ages of anxsthesia and which indicate when it may properly be employed. Advantages over light general anTsthesia plus relaxants are the production of contracted bowel and the reduction of haemorrhage. With low spinal blocks there is the minimum of disturbance to metabolism and vital functions. The risk of aspiration of stomach contents associated with general aniesthesia but which, it is agreed, can be minimized by correct technique applicable in most types of emergency anesthesia, is not associated with unsupplemented spinal analgesia. Of all methods of regional analgesia spinal is the simplest to produce, the most likely to be effective and therefore the least likely to require supplementary anesthesia. Apart from simplicity of production extradural block possesses all the advantages of spinal analgesia without the disadvantages of headache, diplopia and risks of intrathecal infection and may be used equally well except when a rapid onset of analgesia is required.
(I) Abdomino-perineal resection of rectum.-Jarman (1953) states that in the majority, if not all cases of abdomino-perineal resection he uses spinal analgesia. He has used relaxants but he has no doubt that the spinal cases have a better convalescence than the patients who have relaxants.
(2) Prostatectomrn.-Wells (1953) discussing Wilson I-ey prostatectomy considers miat spinal analgesia is almost obligatory and doubts whether deliberate and satisfactory hremostasis by diathermy can be achieved under general anxsthesia. Low spinal block combined with infiltration of the abdominal wall is an excellent method for poor risk cases with really bad chronic bronchitis and emphysema.
(3) Amputation.-In similar poor risk cases requiring majoriamputation in the lower limb low spinal analge §ia has given excellent results in some twenty cases.
(4) Operative obstetwics.-Many recent reports of large series indicate that spinal analgesia, correctly used, is not a factor in the production of maternal mortality (Thorne, 1952) . Malkin (1953) describes 1,180 consecutive Cesarean sections between 1947 and 1951 with only one maternal death and that not attributable to the spinal. Spinal analgesia has long been known as the protector of the baby. However, properly given, general anaesthesia is not harmful to the foetus except, possibly, when the foetus is very premature or distressed; in particular, light general anesthesia plus relaxants gives excellent results (Davenport, 1951; Thomas and Gibson, 1953) . General anzesthesia, however, exposes the woman in labour to the risk of aspiration of stomach contents (Thorne, 1952) . Jeffcoate (1953) states that the greatest danger of forceps delivery at the present time is anesthesia and that this danger has, if anything, increased with the introduction of modern anesthetic agents whose safety depends on increasing skill on the part of the anaesthetist, and that since 1950 at the Liverpool Maternity Hospital there have been cases of inhalation asphyxia and pneumonia as a result of vomiting during induction or recovery from anmesthesia. The possibility of regurgitation is especially present when relaxant drugs are used and Morton and Wylie (1951) have described certain essential precautions to avoid this risk. Thomas and Gibson (1953) describe 290 cases of forceps delivery with relaxants with 18 vomiting or regurgitating, fortunately without serious sequele, in which apparently the recommended precautions were not taken. It may not always be feasible to take these precautions, at any rate in forceps delivery, and without them surely the method is dangerous. Spinal analgesia prevents all risk of aspiration and x a04 Proeeedings of the Royal Soeity of Medicine 8 in our experience of over 500 cases in operative obstetrics, including 351 cases of forceps and 148 cases of Ciesarean section, has been completely satisfactory. The only complication, headache yi 11 %, has caused concern in only 7 cases. Andros (1953) has made an exhaustive review of the effects of spinal analgesia on all aspects of labour.
(5) Hypotension.-This has been fully discussed by Griffiths and Gillies (1948) and Gillies (1953) . CONCLUSION Even if it is believed that the neurological sequehe of spinal analgesia can be reduced to negligible proportions, in which chance is the main factor, the risk exists and therefore spinal analgesia should never be used routinely but only when indicated.
Dr. A. H. Galley, Anesthetist, King's College Hcspital, London, and Royal Masonic Hospital, London:
The Present Position ofSacral-extradural Analgesia
Nomenclature.-Ten years ago the nomenclature of extradural analgesia was in a muddle and at a similar meeting to this I ventured to suggest that the term " peridural" should be replaced by "lumbar and thoracic extradural" and that the term"caudal" should be replaced by " sacral-extradural" (Galley, 1945) . It is satisfying to note that these suggestions have taken root as the nomenclature now used makes it clear that both types of extradural (epidural) analgesia are essentially the same and merely differ by virtue of the approach made to the extradural space.
Technique.-On no account should increasing familiarity with the technique of sacral-extradural analgesia lead to the abandonment of the "test dose". If the needle is properly placed the test dose with the older drugs produces little or no skin analgesia but it should be noted that when Lignocaine (Xylocaine) is used a small area of analgesia does occur in the region of the, anus. It is also important to remember that the technique should be abandoned if cerebrospinal fluid is tapped; failure to observe this rule has led to near catastrophes (Galley and Peel, 1944) .
The use of the catheter technique is still held up in this country because of the fragility of the catheters available. The synthetic resins from which they are made are not nearly so tough as those used in the U.S.A. Our catheters tend to fracture in the region of the sacral hiatus where the mobility of the soft structures and the immobility of the sacrum produce most strain on the catheter (Bryce-Smith, 1950; Galley, 1950a) . In the U.S.A. "nylon" catheters are used with an almost negligible incidence of fracture.
Drugs.-The drugs most used for sacral-extradural analgesia 'are as follows (Table I) : For some unexplained reason repeated doses of local analgesic solutions do not always reproduce their initial effect. This phenomenon is not usually noticeable until after several hours of caudal analgesia. If, therefore, prolonged analgesia is contemplated it is preferable to commence with, say, Metycaine and, should its effect fail after some hours of serial injections, to turn to a stronger drug such as Lignocaine. Lignocaine will often rescue a failing analgesia from some weaker drug but cannot, under sinmilar circumstances, rescue itself. The addition of hyaluronidase to analgesic solutions does not appear to affect the rapidity of onset of analgesia. Adrenaline in suitable dilution minimizes the risk of hamorrhage in the extradural space and appears to increase the likelihood of stable analgesia. According to recent work this may be due not so much to vasoconstriction but to the fact that adrenaline and some similar sympathetic amines are local analgesics themselves (Wu, Harnagel, Brizzee and Smith, 1954) .
Use in obstetrics.-Although continuous (serial) injection is the only method which gives complete relief of pain during labour it still suffers from the following disadvantages: the technique is difficult; the constant supervision is time-consuming; and the forceps-rate is increased. Reaction to these problems differs in the U.S.A. and the U.K. In the U.S.A. obstetric analgesia or sedation tends to be heavy and delivery by forceps after episiotomy is the rule rather than the exception. In the U.K. obstetric sedation is much lighter (to the point of being little more than nominal in some hands) and forceps deliveries are avoided unless strictly necessary. The general attitude to sacral-extradural analgesia in obstetrics has, therefore, been much the more conservative in the U.K. The present position is, therefore, as follows. Certain maternity hospitals in the U.S.A. are large enough to ensure that on many occasions there are several patients in labour at the same time. Caudal analgesia is induced in each patient by an anesthetist or obstetrician-trainee seconded to the department of anesthesia; but once analgesia is established a trained charge-nurse takes over and supervises the maintenance of analgesia. Every fifteen minutes the height of analgesia and the blood pressure is checked and charted. Should skin analgesia rise above the umbilicus or the systolic blood pressure fall below 100 mm. of mercury an anmsthetist or obstetrician is sent for, otherwise the nurse carries on by herself. In this country the indications for caudal analgesia are as follows: (a) to provide an "easy" labour for patients with pulmonary tuberculosis or morbus cordis; (b) for forceps delivery in the presence of feetal distress; and (c) for emergency Cxsarean section on patients with full stomachs, e.g. prospective mothers suffering from diabetes. At one time it was thought that sacralextradural analgesia was a specific antidote to spasm of the cervix uteri but several colleagues in other centres have informed me that they do not find this so (Galley and Peel, 1944; Galley, 1949) .
Casarean section is as easily performed under sacral-extradural analgesia as with spinal analgesia and is slightly safer for two reasons: (a) there is no risk of meningitis and (b) the intercostal muscles are less affected. It is better than dorso-lumbar extradural analgesia because the pelvis is more thoroughly anesthetized. In all forms of conduction analgesia, however, great care must be taken to prevent a dangerous fall of blood pressure before the baby is delivered. After delivery the retraction of the uterus greatly reduces the capacity of the vascular bed and the blood pressure suddenly rectifies itself. In other words, the uterus transfuses the rest of the body and restores the blood pressure previously lowered by sympathetic block.
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Puerperal encephalopathy.-Sacral-extradural analgesia breaks the vicious circles of water ntion and rising blood pressure associated with puerperal encephalopathy (Fig. 1 ). In addition, ana ia is sufent for the delivery of the baby either by the natural passages or by Casarean section. "Non-rising" analgesia.-Despite repeated doses of analgesic solutions it sometimes happens that analgesia fails to rise much above the level of the pelvis. This might be due to an abnormality in the anatomy of th extradural space, e.g. a "leaking" posterior wall to the sacrum, or to a himatoma separating the lumbar from the sacral-extradural space. In such cases successful analgesia-either for Casarean section or for vaginal delivery-can only be obtained by a combination of botlh types of extra4ural block. This is well ilustrated by the following case which is of particular interest as the patient concerned was referred to King's College Hospital by Professor R. R. Macintosb.
Young wo-man in her early 30s who had had one normal delivery of a live baby two years before with almost continuous pain throughout a long labour.
She was admitted to K.C.H. in the early hours with regular but not very troublesome pains and was givenl Potassium bromide, 30 grains; chloral hydrate, 30 grains. 
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At this point it was decided to place a second needle into the extradural space, inserting it between the first and second lumbar spines as the extradural space is here fairly wide and still not too far from the nerve SUPPlY to the upper part of the uterus, i.e. Dli and 12. Analgesia then proceded as follows: It is not suggested that this complicated type of analgesia should be encouraged but, after the patient's confidence had been built up in favour of conduction analgesia (and seeing that she had been referred by so eminent a colleague!) we felt that she could not be allowed to leave us in disappointment.
Use in surgery.-Although it is possible to use sacral-extradural analgesia for operations in the upper and mid-abdomen these are better served by dorso-lumbar extradural block; the exception to my mind is Cesarean section because of the painful dragging on pelvic structures which renders the latter type of analgesia inadequate. Caudal analgesia is, therefore, mostly used for operatios such as prostatectomy, cystoscopy and hlmorrhoidectomy as an alternative to low spinal analgesia.
Provided the usual precautions against a decline in blood pressure are observed it is astonishing how well elderly folk stand caudal as well as other types of conduction analgesia. Recently, at a demonstration organized by the South-West of England Society of An&esthetists, I saw a low caudal analgesia given by Dr. T. R. Steen (Southfields Hospital, Bristol) to a frail and aged man for retropubic prostatectomy. The patient had chronic bronchitis and a very enlarged heart due to hypertension. A low caudal analgesia was induced with 12 mil. Lignocaine 1 % and general anssthesia effected with a small dose of thiopentone reinforced with nitrous oxide and oxygen. A bilateral rectus-sheath block was then given to minimize the intra-abdominal pressure which otherwise might have been transmitted via the bladder to the wound cavity and interfered with the surgical approach. After operation the oatient soon awoke and was very fit indeed. Therapeutic uses.-certain types of sciatica respond to caudal injections. It is thought that the effect is mechanical and acts by creating sufficient pressure within the extradural canal to break down adhesions which may be distorting posterior roots of the spinal cord-indeed, similar effects have been achieved by using saline alone. This latter method, however, is painful and the use of a weak local analgesic (owing to the large volume injected), e.g. Lignocaine 0O5 % not only makes the method painless but allows gentle manipulation of the spine to be conducted in order to augment the breaking-down of adhesions. Low back pain sometimes responds to similar treatment.
The sympathetic block which ensues from sacral-extradural analgesia is more convenient to give than multiple paravertebral blocks owing to the fact that only one needle has to be inserted. It may prove useful in the following conditions:
Vasospastic disease of the legs.-Not only is sacral-extradural analgesia useful as a diagnostic procedure, i.e. to ascertain the probable effect of sympathectomy, but it often improves the blood supply of the legs on its own accord. This is due to the fact that disease of the large vessels is often accompanied by spasm of the collaterals (Leriche, 1939); release of this spasm at a time when the blood supply is in a parlous state may make all the difference between life and death of a limb (Hingson, 1947 (Hingson, , 1949 Steel, 1948; Galley, 1950b Galley, , 1952 .
Caudal analgesia in common with other forms of sympathetic block has no action on the large vessels of the legs (Kinmonth, 1952) and is, therefore, useful as an anesthetic for embolectomy. Not only does it produce the anasthesia but it releates spasm in the collateral arteries and ensures a better blood supply to the limb.
If taken early, the white-leg of pregnancy or the puerperium readily responds to all forms of sympathetic block including caudal analgesia (Hingson, 1947 (Hingson, , 1949 Steel, 1948; Galley, 1952) . We still use the method on people suffering from cold feet. The curious thing about these is how they all assure us that their symptoms are relieved although, at the time of injection, there was little or no rise in the skin temperature. Perhaps this is another indication that the blood supply to the deeper structures is independent of that of the overlying skin.
In all these cases injections may have to be repeated at intervals of a week until some measure of relief is achieved. If oily solutions are used one injection only may be sufficient (Galley, 1952) .
Acute anuria.-This form of treatment is based upon the assumption that acute anuria is due to the reflex invocation of the renal "shunt", i.e. generalized spasm of the afferent arterioles supplying the functioning glomeruli of the renal cortex with a short-circuiting of the cortical blood supply via the juxtamedullary (primitive) glomeruli and the arteriovenous anastomoses of the arcuatesponge structures in the juxtacortical area of the medulla (Trueta, Barclay, Franklin, Daniel and Prichard, 1947) . Were this "shunt" really responsible for all types of acute anuria some form of sympathetic block (Bryce-Smith et al., 1949) would be the obvious treatment but opinion is divided upon the subject and seems to be hardening against the use of extradural or spinal analgesia during the management of these unhappy cases. The greatest obstacle to the scientific assessment of such treatment is the fact that even without treatment some cases suddenly take a turn for the better after a few days.
Relief of pain of pelvic carcinoma.--Pain of this type can be relieved for varying periods by injecting 60 mil. of an oily solution of a local analgesic (e.g. Proctocaine) into the sacral canal (Kenny, 1947) . Results are variable because of the differences in histological structure and physiological function of the two types of nerve associated with the conduction of pain (Galley, 1950b) ; also because of varying degrees of carcinomatous involvement of these nerves.
Dr. P. R. Bromage, Chichester and Portsmouth Hospital Groups:
Indications for Lumbar and Thoracic Epidural Analgesia 7o-day When a depot of analgesic solution, of the correct concentration, is placed in the epidural space a prolonged differential spinal block results. Within, the distribution of the block motor nerves are scarcely affected at all, while the smaller and less heavily myelinated sensory and sympathetic fibres are interrupted. This differential block produces three effects:
(1) Analgesia lasting between two and four and a half hours, according to the solutions used.
(2) Reflex flaccidity in the segmental distribution of the block.-Voluntary muscle tone depends upon an intact reflex arc. If the sensory component of the reflex arc is broken muscle tone is abolished, despite a functionally intact final common motor pathway to the muscle. Conversely, since the final common pathway is intact reflexes initiated at a higher level can still find expression in the analgesic segments. For instance, all the spinal sensory nerves may be blocked, right up to the first cervical segment, and still respiration will remain unimpaired since the respiratory centre remains responsive to afferent impulses initiated by chemoreceptors, as well as the direct effect of blood carbon dioxide changes upon the centre itself.
Just as the intercostal motor nerves remain responsive to impulses from the respiratory centre, so also can they respond to afferent impulses arising from vagal stimulation in the upper abdomen. For example, firm traction on the stomach or duodenum may cause a motor response, resulting in the contraction of previously relaxed abdominal muscles, and possibly even a laryngeal spasm as well. Thus, an epidural block, however high, is not sufficient in itself for upper abdominal workvagal reflexes must be damped down by additional measures.
(3) Spinal autonomic nerves are interrupted in the segmental distribution of the block. A normal blood pressure is dependent upon an intact sympathetic outflow, therefore if sympathetic nerves are blocked the blood pressure will fall in proportion to the number of thoracic segments involved (Goepel, 1943; Bromage, 1951) . This fall can be accepted, or corrected by vasopressor drugs, according to the degree of the fall, and the amount of hypotension required.
Extensive blockade of the spinal autonomic also results in interference with the heat-regulating mechanisms. Adrenaline secretion falls, the sweat-glands are paralysed, and vasodilatation occurs, so that the body tends to follow the temperature of its surroundings. In hot climates hyperpyrexia must be guarded against, and conversely, hvpothermia can be easily induced under cooler conditions. An epidural block is, in effect, a long-lasting spinal analgesia with its teeth drawn. The dura is not punctured, so there is no contamination of the delicate subarachnoid structures, and no cerebrospinal fluid is lost, so that dangers of meningitis, or ocular palsies or post-spinal headache do not exist, and the mechanics of respiration remain normal. even with a block up to the base of the skull. These conditions last for three and a half to four and a half hours when cinchocaine is used as the analgesic agent. If necessary, the block can be prolonged indefinitely by inserting a fine vinyl plastic catheter into the epidural space, so that intermittent injections can be given up the catheter. The lumbar route is obviously preferable to the caudal approach when an indwelling catheter is used, as there is less likelihood of soiling from the patients' excretions.
In Germany, viscous substances such as polyvinylpyrrolidone are added to the epidural solution, with the intention of localizing the block and prolonging its effect (Duttmann, 1943; Goepel, 1947) . I have used polyvinylpyrrolidone in greater concentrations than recommended by the German workers, and yet have found no worthwhile difference from ordinary aqueous solutions, in either localization or duration.
The applications of the method are:
Surgical ana?sthesia.-Despite glowing reports to the contrary, I do not believe that epidural block has more than a very occasional place in thoracic surgery. For thoracotomy absolute control of the lung is essential, and the intravenous relaxants combined with controlled respiration are undeniably the method of choice. For thoracoplasty, paravertebral block and local infiltration, with or without light general anesthesia, give the best results and the driest field possible. To my mind it is neither justifiable nor possible to obtain the same degree of hamostasis by a general lowering of the blood pressure in these cases. The patient is already ill from his disease, and may be reduced to the brink of anoxiemic anoxia by the surgical onslaught upon his thoracic cage-to add vascular hypotension to his sea of troubles may be a drop too much. In the rare case of an infected Sembs's space, and where it is felt there may be some contra-indication to general anlesthesia, an epidural block may be indicated; but if it is used, the blood pressure should be maintained at levels near normal by pressor drugs. The most common application of the method lies in major surgery below the diaphragm, and the advantages will be discussed under the headings of Respiration, Blood Loss, Stress, and Postoperative Analgesia.
Respiration.-The intravenous relaxant and analgesic drugs provide excellent operating conditions, but at the price of respiratory depression. Under epidural block, on the other hand, tidal volume is well maintained, even in a steep Trendelenburg tilt.
In a number of cases complicated by emphysema and chronic bronchitis, the pattern of respiration was greatly improved after induction of the epidural block; a poor tidal exchange, with marked expiratory effort, changing to a free smooth rhythm, with increased excursions of the re-breathing bag. There are several possible explanations for this interesting phenomenon, but none of them are entirely satisfactory, and their discussion would be too lengthy to consider here.
Blood loss.-Hemorrhage is markedly reduced by the vascular hypotension accompanying a high epidural block, and it is my impression that at any given level of blood pressure bleeding is less Prooeedinwg of tk e Royal Sociey of Medwiine 14with an epidul or subarachnoid block, tha when the ganglion-blockdng drugs are used. Table I shows a few representative cases. Operative stress.-Since there is much we still do not know about shock, I would prefer to avoid the word altogether, and speak of stress instead. An attempt was made to assess the degree of adreno-cortical response to the stress of operation in three groups of patients undergoing abdominal operations. amesthesia. Blood samples for eosinophil counts were taken during induction of anesthesia, and again one and a half and four and a half hours after the abdomen was opened.
The control group (Group 1) showed a typical fall of eosinophils starting after one hour, becoming maximal after four hours.
The lower abdominal cases showed an altogether different curve (Group 2). In thes the afferent neural blockade wascomplete, and the eosinophi fall was delayed until after the block had worn off. The upper abdominals (Group 3) had an incomplete afferent blockade, since they must have suffered a certain amount of vagal stimulation, and these showed an eosmophil fall comparable with the control group.
Tberefore, as far as the stress reaction is concerned, one can say that in lower abdominal operations the patient is shielded from stress until the operation is over, and he is back in bed. With upper abdominal cases afferent stimulation can occur despite the block, and the stress reaction is apparently unmodified.
Therehis no apparent virtue in postponing a normal adrenal cortical response to trauma in patients with an adequate adrenal reserve. But when acute or chronic cortical depletion has occurred, either through exhaustion or illness, or due to suppression of ACTH secretion by cortisone therapy (Salassa et al., 1953) , the presence of an afferent block may be life saving. By delaying further deNnands upon an already depleted cortex, time is gained to institute appropriate therapeutic measures, before cortical failure can occur.
POst-operative analgesia.-A single-dose epidural with 1 22% Xylocaine lasts about two to three hours, and with cinchocaine (Nupercaine) about three and a half to four and-a half hours. Therfore, if Nupercaine is used, a two-hour operation will be followed by two hours of complete freedom fom pain, when the patient can move about freely, and start his breathing exercises, with an' almost Dormal vital capacity. He is thus able to start the post-operative period under the best possible conditions, and can clear his chest thoroughly before the onset of pain hampers his breathing and coughing.
1.-THERAEUTC INDICATIONS
Therapeutic blocks often need to be prolonged for some days, and so the continuous technique iskusually indicated, with a catheter in the epidural space. When choosing between the caudal and spinal approaches one must decide which route is likely to be easier, most effective, and least likely to become soiled and infected. My own choice is for the spinal approach, for these reasons:
It is easier, particularly in fat patients. It is likely to be more effective for any given'dose, since the tip of the catheter comes mto closer relation with the segments to be blocked.
It is less likely to become soiled and infected by the patient's excretions. After insertion, the position of the catheter should be checked by X-rays, to ensure that it lies cleanly wtthin the epidural space. 0-2 of a milluitre of radio-opaque solution is'ixijected up -the catheter, and lateral and antero-posterior radiographs are taken. Therapeutic epidural block has its most dramatic effect in acutely painful conditions which are poorly relieved by other methods-for instance, acute pancreatitis, or the pain associated with dissecting aneurysm of the aorta. The methonium drugs have been advocated for the treatment of 15 Section of Ancesthetics 311 both these conditions (Davies et al., 1953; Pyke, 1953) , but I have the impression that they afford only a partial relief of pain which is nothing like so intense as that obtained by an epidural block. Moreover, the ganglion-blocking drugs have uncomfortable side-effects when given in sufficient dosage. The patient develops a dry mouth and a considerable thirst, he cannot pass the time by reading because of blurred vision, and anything taken by mouth splashes about in a distended atonic stomach: any existing ileus, such as occurs in acute vancreatitis. is almost sure to be aearavated. fNeedless to say, neither an epidural Flock, nor the'methonum arugs snould be given if there is the slightest doubt about the diagnosis-a patient with a perforated viscus is not likely to survive if treated by these methods alone.
Chronic disturbances of the vasomotor supply to the upper or lower limb, giving rise to pain or cedema, may be treated by continuous epidural block. For the upper limb the catheter may be inserted in a convenient space between the seventh cervical and third thoracic spines, and for the lower limb between any convenient lumbar spines. Relief of hypertensive cardiac failure and diagnostic blocks are among the many other applications of this form of sympathetic blockade, in which it rivals the methonium drugs and is to be preferred to subarachnoid block. Conditions of the kidney and lower limb have already been covered by Dr. Galley, and so there is no need to repeat them now. It is merely necessary to point out that the lumbar route is available as an alternative to the caudal approach.
[For illustrations, see Bromage (1954) .] Dr. W. W. Mushin drew attention to the great value of intrathecal alcohol to relieve pain due to carcinoma. He was regularly doing these injections for pelvic carcinomatosis and, in particular, for pain due to secondaries following amputation of the breast. He also pointed out that one of Dr. Galley's charts (not illustrated) showed that a patient having a caudal block was receiving anticoagulants. There was some danger of hematoma if an epidural or a paravertebral block was performed on such a patient. This happened sometimes when a sympathetic block was to be undertaken for the relief of acute embolism. Such a patient might have been put on anticoagulant therapy before the sympathetic block was contemplated.
One of Dr. Bromage's slides (not illustrated) demonstrated the extension of the epidural fat through the intervertebral foranien. This confirmed evidence published by Professor Macintosh and himself (1947) . They had come to the conclusion then that the ease with which an epidural block was produced by a needle in the paravertebral region explained the remarkably high success rate of paravertebral block for abdominal surgery in years gone by. It was probably one or more successful epidural inijections which were responsible for the successful block rather than the accuracy of up to, say, 18 separate nerve blocks. Dr. Massey Dawkins agreed with Dr. Thorne that the only remaining indication for spinal analgesia was that of an emergency forceps delivery of a woman in labour who had a full stomach. For caudal analgesia in labour he did not think Xylocaine should ever be used owing to its peculiar property of occasionally spreading much farther than was intended. In such a case the motor nerve supply of the uterus would be affected and labour would cease. Dr. Galley had asked for details of experience with Proctocaine. Procaine was the active principle of Proctocaine and it was a relatively weak analgesic. He had found that much better results were obtained by substituting Nupercaine for Procaine, the solution he used being the 5 % oily Nupercaine, which had a similar formulaito Proctocaine. With this solution he had obtained analgesia lasting for six months.
He did not agree with Dr. Bromage that epidural analgesia was very rarely indicated in thoracic surgery. For thoracoplasties he found it gave excellent results, and as there was only one needle prick, it was much less of an ordeal for the patient and much quicker. He would regard an epidural block as the anesthetic oft choice for radical excision of the breast, using a dose of 8-10 c.c. of 1t5% Xylocaine deposited between C7 and Tl. With this small amount no fall of blood pressure occurred, the analgesia being almost entirely unilateral. Yet the field of operation was practically avascular, the mechanism of which was difficult to understand, as with a paralysed sympathetic nerve supply
